Purpose: This paper examines the causal and cointegrating relationship between economic growth and CO 2 emissions in a multivariate framework by including imports and exports as others control variables for an emerging economy like Bangladesh. Design/methodology: The paper applied vector error correction model (VECM) Granger casualty test for assessing the direction of causality and variance decomposition to explain the magnitude of the forecast error variance determined by the shocks to each of the explanatory variables over time. LB (Q-stat) test is to determine data properties and WILD test is to assess short run causality from independent variables to dependent variable. Findings: The study results revealed that variables are integrated in the same order. The results of Johansen Juselius cointegration tests indicate that there is a unique longterm or equilibrium relationship among variables. Again, Granger causality test revealed that short run unidirectional causality are running from carbon dioxide emission to exports, GDP to import, and from import to carbon dioxide emissions. Variance decomposition function shows that the positive shocks in error term will produce positive effects on all variables in the long run. Therefore, a concerted effort from all national and international stakeholders, i.e., enterprises, consumers, and governments are expected to take measures to offset carbon emission and pursue environment-friendly trade plan for better managing the cities and regions in order to fight against global warming and climate change risk.
Introduction
Rise of global average temperatures and its impacts on climate change is now a burning issue. The Intergovernmental Panel on Climate Change (IPCC) often claimed that any given level of warming is associated with a range of cumulative CO 2 emissions. Scientists emphasize on climate targets, carbon budgets, and emission reductions pathways to meet the 2 C target. Evidence shows that industrial revolutions and trade liberalization afterwards have made excessive use of energy, (i.e., gas, coal, electricity, fossil fuels, etc.), infrastructures (i.e., road, buildings), which resulted in deforestation, aviation services, and other forms of transportation for making goods available in other countries through export & import and business trips worldwide, which has emitted thousand tons of carbon. In depth analysis perhaps will lead to the conclusion that all the dimensions of globalization somehow affect the natural environment. Globalization accelerates structural change, thereby altering the industrial structure of countries, and hence resource use and pollution levels increase [1] . It has been widely accepted that trade is the part of development of the modern economy and in the globalization era, trade is considered as the power of economic development. Moreover, globalization intensifies trade liberalization, and trade-related activities and trade activities effect on the environment when all goods and services produced in the economy directly and indirectly associated with uses of power and energy (various petroleum, oil, gas), which are obvious for all countries [1] . Therefore, intensive research is required in identifying causal relationship among international trade, economic development, and environmental pollution, so that countries can well articulate appropriate environmental policies without affecting economic growth. Countries having weak and inappropriate environmental regulations can attract more harmful trade negotiations. Copeland and T a y l o r [ 2 ] a r g u e dt h a tu n d e rc e r t a i nc i r c u m s tances, the pollution-intensive industries migrated to countries having economic growth with weaker environmental regulation. The purpose of this study is to investigate the causal relationships between the export and import, CO 2 emissions and economic growth in Bangladesh for the period between 1972 and 2013; and examine the stability properties of the variables as a prerequisite for cointegration and error correction analyses. The questions this study seeks to answer are formulated as follows:
• Is there a (Granger) causal link between export-import and GDP?
• Is there a (Granger) causal link between GDP and CO 2 emissions? What is the direction of this causality?
The next sections of this study are organized as follows: section two focuses literature on climate change, carbon emissions, and their causal link with trade and economic growth; section three explains material and methods used in the study; section four shows findings of unit root test, cointegration test, vector error correction model (VECM) with impulse function; and finally based on findings, section five draws conclusion and recommendation for carbon cap and sustainable trade implication.
Carbon emission: global warming & climate change
CO 2 emissions attract worldwide attention now-a-days as it is claimed that they are the main contributors to global warming, which are created mainly by burning fuels like petrol, organicpetrol, oil, natural gas, diesel, organic-diesel, and ethanol. While some say that global warming is resulting from a natural process like respiration and that there have always been greenhouse gases; however, it is frequently observed that the Industrial Revolution had a big part to play in the amount of atmospheric CO 2 being released. Live science produced detail reports about the causes of carbon emissions along with their remedy [3] . According to the 2010 Global Forest Resources Assessment, nearly a billion tons of carbon are being released to the atmosphere every year due to deforestation. More importantly, global warming, however, is resulting from atmospheric circulation, which influences rainfall patterns, plant and animal extinctions, ocean acidification, as well as, leads to big environmental and social changes, and challenges like extreme weather, rising sea levels, and unprecedented social upheaval for people all across the globe.
Drivers of carbon emissions and rational to study their causal dimension
Population and the size of the economy are two major drivers of absolute emissions. From the chart, we can see that the largest absolute emitters comprised 61% of global population and 75% of global GDP in 2012 [4] . The top 10 emitters produce around 70% of global emissions, based on historical emissions data from CAIT Climate Data Explorer ( Figure 1 ).
Economic growth of countries impels an intensive use of energy, which results in growing CO 2 emissions, so pollution is directly linked with economic growth and development; such strong association induces researches over t h ed e c a d et oe x p l o r ed i r e c t i o n a lr e l a t i o n s between them. Çakir and Başarir [5] find evidences of unidirectional causal relationship between the tourist arrivals and financial development. Their study also found a bidirectional causality relationship between CO 2 emission, financial development, and energy and tourist arrival. Attention toward exploring causal relationship between energy consumption, CO 2 , and economic growth is dramatically increasing now-a-days, as global warming and climate change poses threats to all living beings in the planet. State governments' planning toward economic growth must consider the determinants of economic growth and potential contribution of such determinants toward the environments. Economic growth very often are achieved through rapid industrialization, increased trade in the forms of import & exports, growing urbanization, which contributed toward deforestation and resulted in global warming, climate change, and environmental degradation. Thereby, numerous studies conducted in many regions in the world attempted to investigate the causal link among CO 2 emissions, energy consumption, industrial development, and economic growth [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
Most of the studies found either unidirectional or bidirectional relations and reaches to conclusions that the higher economic growth rates are very often associated with the c o n s u m p t i o no fl a r g e rq u a n t i t yo fe n e r g y ,w h i c hi nt u r nh a st h ei m p a c to nc a r b o nd i o x i d e emissions. There however, remains a confusion regarding whether energy consumption is a stimulating factor for or a result of economic growth. Therefore, a renewed interest in examining the relationship between these variables are still required for improved policy initiative and adaptation of appropriate and efficient technology to fight against global warming in order to mitigate climate change effects.
Although small developing and underdeveloped economies are not the major CO 2 emitter; however, consequences of global warming will affect everyone. Moreover, the global emissions profile has been changing due to international pressure of carbon budget ( Figure 2 ) and carbon tax. In response to building decarbonized economy, developed countries are more capable in adopting innovative and efficient technologies to reduce the effect of global warming. Kelly Levin reported that in 1990, 66% of global emissions came from developed countries; while in 2013, that figure had dropped to 38% (i.e., EU set example by reducing 5.9% emission during 
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2013-2014) [21] . Therefore, identifying the casual relations among CO 2 and economic growth dynamics may help to develop appropriate carbon management plan for sustainable economic growth ( Figure 2 ). The model intends to establish the relationship among export, import, GDP, and CO 2 emissions of Bangladesh where it can be expressed in the following basic multivariate model.
Material and methods
where Y t is total carbon emissions, Exp t is export, Imp t is import, and GDP t is real gross domestic product t, and ε t is white noise. Logarithmic transformation of the above equation and inclusion of a trend variable would leave the basic equation as follows
where, t is the trend variable.
In this study, Granger causality test will be used in order to test the hypothesis regarding the presence and direction of causality among carbon emissions, export, import, and economic growth.
A stationary time series refers to the series with a constant mean, constant variance, and constant auto covariance for each given lag [22] . The use of nonstationary data usually leads to spurious regressions. Thus, there is a need to conduct a unit root test to determine the order of integration of the variables using the Augmented Dickey Fuller test Dickey and Fuller [23] . The Augmented Dickey Fuller regression
where ΔY t =Y t -Y t-1 is the difference of series Y t . 
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α 0 , γ, β i , are parameters to be estimated and Ut is a stochastic error term. The null hypothesis of nonstationarity (presence of unit root) is accepted if γ = 0, while the null hypothesis of nonstationarity is rejected if γ <0. This implies that if H 0 cannot be rejected, then the series has a unit root but if otherwise, then the series does not have a unit root.
The Granger method in this study involves the estimation of the following equations:
LGDP
LGDP tÀi þ ε 1t (7) 5. Result of the analysis
Correlogram test
Analysis of inherent properties of variables is imperative in time series analysis under different models. In order to determine the nature of data, we use Correlogram test. From Table 2 ,itis obvious that variables are nonstationary at level but after first differentiation, variables become stationary, which is considered as a predominant condition for a number of time series analysis model.
Selection of optimal Lag is inevitable for time series analysis when data are nonstationary at level and stationary after first difference. We chose Akaike information criterion (AIC) Model for Lag selection and the results have been shown in Table 3 . 
Unit root test
Summary results of different unit root tests (Table 4 ) reveal that at level, all methods of P-value is significantly higher than 5%, so we cannot reject the null hypothesis rather we accept that there is a unit root that means that data are nonstationary at level. After first difference of unit root test, results show that P-value of each method is lower than 5% of critical value, which means that we can reject null hypothesis, rather we can accept alternative hypothesis which means that data are stationary at first difference.
Unit root test conforms that after first difference, data become stationary such that nature of time series data motivates to go for testing cointegration among variables.
Cointegration analysis
There is a need for cointegration test in order to examine whether there is a long-term equilibrium among LnCO 2 , LnGDP, LnExport, and LnImport. Johansen Juselius's cointegration test is 
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used because data satisfy two important criteria such as data are stationary at level and integrated at same level, which means that after first difference data become stationary ( Table 5) .
The results from JJ cointegration tests indicate that there is a unique long-term or equilibrium relationship between variables. Both trace statistics and λ-max statistics show that there exists one cointegrating vectors at 5% significance level (Table 6) .
So, long run cointegration can be developed under VAR (restricted) environment. 
Granger causality test
Test of cointegration conformed that there is a long run association among variables, which means that in long run variables move together. But still there is a scope to establish directional relationship among variables. The result of Granger causality test on LnCO 2 , LnIm, LnEx, and Ln GDP is illustrated in Table 7 .
The findings indicate that short run unidirectional causality running from carbon dioxide emission to exports, import to CO 2 , and GDP to import in Bangladesh. Although previous studies in Malaysia [24, 25] found that an increase in economic growth causes an increase in CO 2 emission. In this study, GDP has been used as a proxy of economic growth. Bangladesh is mainly characterized as a rural-based poor economy, which is moving toward rapid urbanization through industrialization and deforestation, which increases CO 2 . Industrialization ultimately will lead to export and import along with CO 2 emission. Thus, the Granger causality results are very relevant with this situation. However, as economic growth Granger causes imports, there is enough scope to purchase more carbon offset, i.e., innovative source of renewable energy and sustainable technology which, in the long run, can intensify more sustainable economic growth of the country.
Vector error correction model
Since, it is obvious from cointegration test that variables are cointegrated, a valid error correction model should also exist among variables. We, therefore, priced to test VECM to establish long run relations between dependent and independent variables. 
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It is obvious from Table 9 that coefficient of error correction term {C (1)} is negative in sign, which means that there is long run causality from imports, exports, and GDP to CO 2 . Table 10 shows coefficient diagnostic test result and it is revealed that there is a short-term causality from imports and GDP to CO 2 and no causality from exports to CO 2 in short run.
So, we can conclude from VECM outcome that there is long run casualty from imports, exports, and GDP to CO 2 but in case of short run, only imports and GDP have causality toward CO 2 . Prob(F-statistic) 0.018882 Table 9 . Short run coefficients of cointegration under VECM.
Variables
Null hypothesis Chi-square P-value Decision 
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Variance decompositions (VDCs) and impulse response functions
The results of variance decomposition presented in It is obvious from Figure 3 : that one standard deviation of innovation in CO 2 has positive effect on both GDP, imports and CO 2 as well, but significant effect occurs in GDP having positive trend and export shows negative affect because shock on CO 2 decreases effect on exports and eventually goes negative after period 5. It also manifests that a positive shock in error term of GDP will produce positive effect to all variables itself as well, which means that any innovation in GDP may have significant effects on variable in long run, meaning that all the variables are associated with GDP in long run. Impulse response of exports revealed positive effect on variable in long run. So, we can say that both GDP and exports have long run association and any positive shock in GDP and exports causes positive effect in long run. 
Conclusion
This study employed a vector autoregressive analysis to investigate the link between Bangladesh's exports, imports, GDP, and carbon dioxide emissions. Study variables show that all the variables are nonstationary at level but data become stationary after first difference such that nature of data motivates to apply different time series models for analysis. In order to get optimal outcome from time series models, it is inevitable to choose appropriate Lag. This study selects optimal Lag if 5 on the basis of Akaike Information Criteria (AIC) in selecting optimal Lag based on the empirical analysis. Granger Causality shows short run unidirectional causality running from carbon dioxide emission to exports, GDP to import, and from carbon dioxide emissions to exports in Bangladesh. Test of JJ cointegration results revealed that there is one cointegration vector exist among explained variables. Considering both unit root test and JJ cointegration, we process to apply VAR restrict well-known VECM, in order to assess VECM Granger casualty of variables. Test result revealed that there is long run association from imports, exports, and GDP to CO 2 during the study period. Granger causality test shows that there is unidirectional causality running from carbon dioxide emission to exports, GDP to import, and from carbon dioxide emissions to exports in Bangladesh.
Recommendation
Being a low-lying coastal country, Bangladesh is the most climate vulnerable country in the world although industrialization still remains limited to some urban and semi-urban peripheries; villages occupied the major land of Bangladesh, which are also deprived from adequate electrification; and being a poor country, majority of the population cannot afford luxurious consumption. Therefore, Bangladesh might seem to be reluctant to embrace the new paradigm of low carbon resilient development, which seeks to reduce emissions, often referred to as climate change mitigation, and climate change adaptation together in one agenda. However, the government of Bangladesh formulated the Bangladesh Climate Change Strategy and Action Plan (BCCSAP) in 2008, incorporating comprehensive strategy for adapting to the effects of climate change, despite the problems being created mostly by rich countries thousands of miles away. However, it is perhaps surprising that the government of Bangladesh has plans to introduce measures to reduce greenhouse gases, such as introducing solar powered irrigation systems and adopting new energy efficient technologies.
Findings of this study revealed long run casual relations between exports, imports, GDP, and carbon emissions. Therefore, for sustainable business and environmental development, organizations are recommended to set up a mechanism whereby individuals or companies can purchase "carbon offsets", i.e., finance various projects that increase renewable energy resources (e.g., wind power, solar power, biofuels, geothermal, and hydrothermal) or increase energy efficiency (e.g., improved cooking system, installation of insulation) or destroy various pollutants (e.g., plant trees to absorb CO 2 ). Government needs to be sincere in implementing carbon management policies and consumers need to be encouraged to take wise decision in redesigning their eco-consumption decision. A concerted effort from all national and international stakeholders to offset carbon emission and pursuing environment-friendly trade plan is highly expected from all the poor and rich country to remain in win-win situation. Carbon tax from rich countries should be utilized for supporting poor countries' carbon management initiatives. Some of the most carbon-intensive emissions scenarios could be avoided if low-or noemissions growth continues and countries implement their climate action plans. 
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